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TECHNICAL MEMORANDUM X-73335

COMPEND fUM OF METEOROLOGICAL DATA FOR THE
CENTAUR LAUNCH IN FEBRUARY 1974

|. INTRODUCTION

This report is a compendium of all the meteorological data collected as
a function of the joint Marshall Space Flight Center (MSFC)/Langley Research
Center (LaRC)/Kennedy Space Center (KSC) rocket exhaust effluent prediction
and monitoring program for the Centaur, a Titan IIT E launch from Kennedy
Space Center at 0948 EDT on February 11, 1974, The data presented in this
compendium were collected largely to support NASA/MSFC diffusion predictions
for the deployment of NASA/LaRC monitoring sites. The joint solid rocket
motor exhaust prediction (MSFC) and measurement (LaRC and KSC) program
evolved in 1972 uuiizing the Titan and Delta launches as a source for empirical
information that can be employed to more accurately predict the environmental
effects of planned Space Shuttle operations.

These data are archived both as an aid in postlaunch analysis and
because they represent a unique set of atmospheric soundings with high temporal
resolution. Included in the report are the synoptic charts, surface observations,
rawinsonde and windsonde soundings, and satellite cloud imagery obtained
during this period. There is no attempt to analyze any of the data presented in
this document but rather to provide a data source for future analysis.

Il. DATA

The data are listed in Appendices A through E; page numbers for specific
data are given in the Table of Contents. The dates, times, and sources of the
data are listed in Table 1.

The synoptic charts are from the series published weekly by the
National Ocecanographic and Atmospheric Administration (NOAA). The surface
data are from the Cape Canaveral Air Force Station ‘lecation shown as KSC
meteorological station in Figure 1),

The rawinsonde runs were made with an AMQ-9 radiosonde (Fig. 2)
using the GMD~4 rather than the NOAA J005B radiosonde system. The tempera-~
ture and humidity sensor data arc transmitted ten times per minute in the AMQ-9
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TABLE 1.

LAUNCH ON 11 FEBRUARY 1974 AT 0948 EDT (1448Z)

METEOROLOGICAL DATA SUMMARY FOR THE CENTAUR

Date Time .
Data Type (Feb 1974) EDT Relative Source
Synoptic Chartsb 10 0800 T-25 hr 48 min NOAA
11 0800 T- { hr 8 min ' NOAA
12 0800 T+ 22 hr 12 min NOAA
Surface Observations_ | 11,12 0158 to T- 7 hr 50 min to
0056 (12 Feb) [ T+15 hr 8 min USAF
Rawinsonde 10 0115 T-32 hr 33 min USAF
10 0715 T-26 hr 33 min USAF
10 1030 T-23 hr 18 min USAF
10 2300 T-10 hr 48 min USAF
11 0030 T- 9 hr 18 min USAF
11 0600 T- 3 hr 48 min USAF
11 0910 T- 38 min USAF
Windsonde i1 0503 T- 4 hr 45 min USAF
Satellite Imagery (IR) 10 2058 T-12 hr 50 min | USAF
11 2205 T+12 hr 17 min USAF

aRelative to launch time; for example, 0950 EDT = T+2 min,

bCharts for surface and 500 mb; also included are precipitation and maximum
and minimum temperatures for the preceding 24~hr period.

¢
Location of the base station for upper air and surface observations is fllustrated

in Figure.
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Figure 1. Location of KSC meteorological station for
surface and upper-air observations.
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by a clock-actuated switch rather than the aneroid barometer switch used in
the NOAA radiosonde. Both systems measure azimuth and elevation with the
directional receiver in the GMD, A transponder in the AMQ-9 is used to
obtain the slant range to the radiosonde, enabling the calculation of altitude,
The pressure is then calculated according to the hypsometric equation. The
equations used in the computer program to calculate various thermodynamic
quantities from the basic altitude, temperature, and relative humidity data are
given in Appendix F,

The windsonde measures Eulerian'wind direction and speed as a function
of altitude and is similar to the rawinsonde (AMQ-9) except that it does not have
temperature and humidity sensors.

Since it is envisioned that use of the rawinsonde and windsonde data will
be restricted to studies of the stabilized Space Shuttle rocket booster cloud, an
altitude limit of 6.8 km (20 000 ft) was chosen; all data beyond that altitude are
not inc!nded in this report. The excluded data are archived at MSFC and are
available,

The data contained in this report cover a time period that is sufficient
for most anticipated meteorological analyses. The chronology of the data
relative to the time of launch is given in Figure 3. In most studies data within
1.5 hours of launch time (0048 EDT, 11 February) are sufficient. To facilitate
retrieval of these data, an index is provided in Table © which gives the page
number of data obtained within 1.5 hours of launch, It is understood that for
dynaraic situations, such as the onset of a sea breeze or the passage of a front
within 1,5 hours of launch, the selection of data would have to be narrowed to a
more appropriate period.

[11. LAUNCH CONDITIONS

At iaunch the KSC meteorological station reported a clear sky with a
visihility of 10 miles. The surface wind was from the west-northwest at
7 knots. A rawinsonde sounding taken 38 minutes before launch indicated a
northwest wind at 25 knots at 1,05 km (3446 ft), The northwest wind was
responsible for the observed offshore trajectory of the stabilized exhaust cloud.

IFor practical applications the rawinsonde and windsonde data are treated
as Eulerian,
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TABLE 2. METEOROLOGICAL DATA OBTAINED WITHIN 1,5 HOURS

OF T-0 (0948 EDT, 11 February 1974)

TIME
T-68 min (0845 EDT)

T-63 min (0845 EDT)
T-50 min (0858 EDT)
T-38 min (0910 EDT)
T-33 min (0915 EDT)
T-18 min (0930 EDT)
T- 3 min (0945 EDT)
T+ 1 min (0949 EDT)
T+ 2 min (0950 EDT)
T+ 10 min (0958 EDT)

T+68 min (1056 EDT)

DATA TYPE
Synoptic Charts

Surface Observation
Surface Observation
Rawinsonde

Surface Obscrvation
Surface Observation
Surface Observation
Surface Observation
Surface Observation
Surface Observation

Surface Obhservation

PAGE

14

14

22

14

14

14

14

14
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587,40
582,93
539,9
%30,06
519,44
492,37

L1
PcY

7

L]
peY

I/R

310
296

T 264

268
263
260
243
219
210
208
196
189
185
180
7y

)
i
159

158
148

AB HUM

6/My"

80
'9.99
1.3
Je24

1e24°

1037

1.27

78
99.99
22

14

'Y
99.99
o164
99,99
99,99
99.99
39
09
0

DENSITY
6/m3 -

1277.60
1232,8)
1194.8)
1154,1)
112256
1088,4)
1056018
1021.5T
9089.42
935,32
920.21
082,71
851.03
29,39
785,29
799,84
729,97
70‘.67
681,88
689.3¢4
6‘0-!1

I/R

N -

310
29%
200
266
2%8
250
264
a3
226
21%°
206
108
1%
183
176
169
163
18?7
183
148
163

P4

L .-mal PAGE IS
Ok vOUR QUALITY

KT8 -

650
650"
(7Y ]
1124
(1Y)
642
640
637
635
634 °
633
638
633
633
634
32
632
(%}
629
627
023

/SEC

« 004
+ 006
s 004
<007
«0008
+018
+010
007
<006
008
«009
017
*019
040
+008
+ 009
<008
+00S
.008

17

SHEAR

oga

3ise
217
238
22!
262
303
296
299
282
r 11}
220
203
20¢
214
282

268
208
1



YA

. \‘ﬁ

RAWINSONDE RUN AN/GMO=4 (:)
CAPE KENNEDY AFS, FLORIDA

14302 10 FEB (974
ASCENT NBR (088
"ALTITUDE °~ DIR SPgEo VTewP  pgv PT PRESS
_ FEET OLG XTS5 pEg C 0EG C RS
16 320 .__ 9.7 _ =00 102%.10
1000 339 1577 Te6 T .9 988,62
2000 349 1$"__ S.3 2.8  952.62
T 3000 kY 1 3.0 -14,.9 917,64
4000 328 20 -8 =17.% 883,65
%6000 319 2577 eg.7 =13.7 850,72
€000 319 29 2.5 -1840 818,8)
500 el T 7 <30 =29.8 787,99
€000 327 3 2.8 99.9 758,30
So00d 33 3 -3.8 «34.3 729,68
10000 336 7 =3.8 99.9 702,00
— 11000 n 37 =32 99.9 675,58
— 12000 . 33.___ "_ °;o7__ 9’-'_ 653007
13000 7 334 k1] “ded 99.97 628447
_ 14000 326 3T %7 9949 601.72
15000 318 40 7.7 99.9 578,74
16000 308 8] “9eb 99.9 556,48
T 17000 296 43 ~11.5% 99.9 £34.9)
18000 293 W -1300 9.9 514407
~ T9006 290 A 15,5 ~a%.4 - 493,85
20000 288 46 -)8.4 4649 474,26
MANCATORY LEVELS
“ALTITUDE DIR SPgED TewP  DEW PT PRESS
FEET  DEG  KX¥YS DOEG C DEG C MBS
688 33 12 8.1 o6 loo0
TN AT N8 T .2 =342 9%0
3810 329 18 1.9 “17.2 900
T E01é 319 28 “De? “1346 850
£59% 320 0 =249 24,7 800
- ega72 328 34 «3.0 =32.7 %0
10058 33 17 3.6 99.9 700
T 11919 338 3% «3.7 9.9 680
14048 32s a? 5,9 9949 600
T o282 3602 a2 “9.9 99.9 550
18849 291 44 =148 «45,1 s00
SIGNIFICANT LEVELS
ALTITUDE  OIR SPEED  TEwF  CEw PY PRESS
FEEY VEG KiS DEG C NEG € MBS
16 320 8 9.7 =040 102%,10
1178 34) 16 7.0 1.0 982,14
21%0 369 16 5.0 =35 947,33
197 332 17 2.6 «17.0 910,89
9174 318 26 =09 ~12.8 845,10
t172 39 30 2.8 =191 813,47
7133 k}3] 31 -3,1  =31.% 783,96
T TTe84 32% 32 2. 99.9 761,58
8206 320 3] 2.9 '3209 752,33
G148 330 3 3.9 «38,4 72%.53
§799 33 37 LYY ] 99.9 707,56
11316 3)¢ 37 =3.2 99,9 667,4)
13453 332 3 4ol 99.9 614,63
C 7288 29% 43 12,7 99.9 $29.33
18292 292 4 -13.9 -b4,? 500,92
19378 289 ad ‘16.3 -45.0 486,0)
20369 284 41 19,6 47,6 467,29
24020 267 60  =27.3 =5240 401,49
2504% 999 999 29,2 5243 384,04

18

R
pcY

1/R
N

e
303
287
264
252
240
227
220
218
211
204
192
178
157
153
168
144
127
12}

a8 HUM

6/M3

48?7
8.02
3.89
1472
122
179
1+21
133
99.99
28
99.99
99.99
99.99
99.99
99.99

99.99 -

99,99
99.99
99.99
o0y
07

DENSITY
6/My

1259.8¢
1224.70
1189,48
1156,5%
1122.82
1086,58
10%3,16
1016.,00
976,98
943,59
907.97
871.9¢
040.6)
810.85
783.93
759.42
7;5.0‘_
2.21
689,52
467,88
6408.3%

I/R
N

Nno
Jo&
289
269
2%8
2%3
242

229 -

219
212
202
194

181 ~
178

vs

n_s_~

652"

650
847
045
(%]
Q1
(1]
(23

639
640
639
639
€7
635
633

628
[T+
622

SHE AR

/SEC

0
«013 "0

«00)
«003
« 006
«009
«007
004
.007
004
«007
«003
«002
«004
«009
<01
013
0011
+00%
«008
0086

4[4

Jab
270
280
299
N7
N
21

26
59
161
237
258
282
231
222
22%
216
227

nos-



— ‘(t__ —

R

RAWINSONDE RUN AN/Gri<s
CAPE KENNEDY AFSy $LORIDA
03002 11 FEB 1976

ASCENT NBR 0084
ALVITUDE DIR SPEED  TEMP  pg¥ PT PRESS
Feev DEG KTS DEG C DEG € ¥RS
.. 18 200 & (.8 ~24) 1022449
1000 260 12 10.0 1.9 986,11
€000 26) 14 Tob 0,8 950,47
Jgoo0 264 14 4,3 «9,0 915,78
Qooq 2%4 17 4.9 -1‘02 592-!!
Zooo g:: 19 7.3 «20.9 asg 97
000 y _ 20_ _ &, «214) 819,03
b org00 2887 21 4.} -22.0 189508
8000 283 23 3.3 2002 760409
5000 284 23 2.4 -18,7 132,06
logoo 286 27 ol 2004 704,90
11000 208 29 *1.8 =23,5 678,5%
12000 29¢ 30 -3.2  -2%,7 833,03
13000 28 29 4,7 T 227,85 7T ec0,34 T
14000 288 30 5,7 -28,6 604,47
15000 282 33 -7,2 =30,3 581,42
1¢g00 279 34 «10.l -32.3 %9 .06
17000 277 313 12,67 =339 §37,3%
. 18000 27 33 1504 =360 $16,27
T¥000 — 287 3% T =18 Y -ITLO T T ANLE6
20000 268 40 =20.6 40,0 475,998
N MANCATORY LEVELS
ALTITUDE DIR SPgED  TEWP  OEV PT PRESS
FEET DEG KTS DEG C DEG C n8s
617 259 il . 10.8.. -b.) 1000
2010 261 14 Tob -4,.8 980
3458 265 1¢ 3,3 ~8.6 900
4991} 296 19 7.3 =209 RS0
to20 286 21 LIS 2149 800
8341 283 23 3.3 1943 150
10168 286 28 0.3 . ~20.7 100
12097 209 30 3.4 -25.9 650
14162 284 3l -5,9 -29.0 600
16378 278 A -2 «33,.1 580
18749 267 33 -17.6 =37.6 300
SIGNIFICARY LEVELS
ALTITUDE OIR SPEED  TEMF  DEW PT PRESS
FEET DE6 KTS O0EG C DEG C (]
® 200 4 0.8 2,3 1022,49
231 259 ] 114 2.4 1014,0)
1699 260 13 8,% =-8,5% 961,12
2583 263 18 5.3 9.3 930415
1596 263 16 1.0 8,9 895,57
3679 286 16 2.2 =“9.2 A92,.89
“" 297 17 (Y3 '1‘9.. 817,20
5191 296 14 7.4 2140 841,99
14623 283 32 'Q-’ -29.8 590,04
269 3% «)17,0 -31,2 504,74

16560

RM sB WUM DENSITY
pct G/M3 G/M3
9 4e1]  130%5.43
27 2.5% 1211.62
3 243 117877
N 2082 1168.23
23 1045 1104.49
11 Mo 105%5,32
12 . 1021,08
12 82 988,38
16 98 9%6,58
19 110 924,83
20 96 898,10
1 oTa 870.%9
1 AT 842,43
1% ST 81%.09
14 Y3 787,06
14 oo 761,40
14 «12 740,18
15 29 118,27
S o2 697,67
Bl O O 8Ty
16 o168 656,47
AN
pct
30
3]
4l
11
12
17
20
18
14
16
18
I/R
N
Ny
300
260
274
267
267
250
239
174
154
ggrcmAL PAGE Is
POOR QuaLrTY

v$s
xS

64]
119
653
(Y34
659
652
651
650
648
647
644
642
(1]}
638
637
638
632
629
625

619

~——

o

- s

SHEAR
/SEc  CgG

0
+018
003
<003
2014
« 004
£008
«303
+00)
+ 004
« 004
003
2002
002
«003
.oos
«002
003
005

19

0
271%
272
204
ise
31é
232
223
26)
300
1T
119
33
163
230
253
218
150
LY

«006 218

2593



!
|

\\i Y

|

TEST Nd® 05779

KAW{~SUNDE RUMN AN/GMDed
CaPRk KENNEDY AFS,

v450¢ 11 FER 1974

ASGENT NuR

aLTlilvoe
Fee?

16
00
2ul
Suoy
“u0p
5900
by0yg
7600
8u00
"

10000
i1u09
i2000
isu09
1449y
13466
1hugg
17u00
1%u00
$pu00.
27000

aLTilJoE
ter?

029
eulo
3460
Avay
63520
3342

10164
ievee
14150
iejee
16749

ALTLIIODE
fre?

1
43
1144
{082
4472
/80
971
11432 -
13286

ivigd

20

uca?
Ol SPEED
CeEs  XTS
260 [
276 18
269 1?
267 18
277 17
29% 17
29% 16
268 22
284 25
288 27
283 28
281 29
283 30
283 32
281 32
272 32
272 34
268 36
269 38
254 40
63 4
IR SPEED
ngt ATS
281 19
26Y 1?
271 18
29% 17
29u 21
289 28
281 28
283 30
280 31
270 35
264 40
DIk  SPEED
Deb xvs
260 [
280 19
270 18
267 18
288 1?
294 17
282 7
82 v
27% 32
263 43-

FLORIDA

TEMP
nec ¢

[NYXRU N, SN U RN R BN
L e e e e e w
I NIIEA DR EAAECG AL D

*- = o o v

e15.9

MANDATORY LEVELS

TEMP
nee ¢

-42,2
~44,2

e~ PT
uiG €

“047

a?,8
“12.7
=28+8
=268
=23:0
~23,8
“29.4
“34,3
'3709
cd149

PRESY
»BS

1422,90
vEs 19
v50,47
vis5, /e
ot2,¢4
049,92
518,99
769,09
7¢0,12
132,07
/04,08
o/8,29
9&2,92
028,16
604,22
584,09
)5%:93
537,07
216,04
455,64
475,66

PLESY
L&}

100V
9%y
(10"
85y
500
750
700
65y
600
55¢
50v

SIGNIFILANY LEVELS

TEMF
neG €

“ TP D S
IS RZ L X VIRC I

]
[
-
-»

Pew PT
ngs

1,9
07
TR
*11+%

9.4
=28:9
«2440
273
“36.4
42,3

PRESD
ED)

1024,%0
1034,38
¥G 87
91V ,04
860,73
856,60
719,16
667,38
574,82
493,28

OO OO B

LL]
PCT

51

33
27

12
i
12

17k

Jla
307
297

2%t
28y
208
1v
170
154

Al Muv
G/™3

5,23
4,46
2,64
1.94
175
44
45
45
61
78
71
00
85
.39
v28
23
20
18
14
Y
040

PE"SIYY
/M3

1264,01
121457
1179,12
134s,04
11n6,069
1054,2¢
020,20
9%g, B
956,31
926,50
808,23
672,18
845,04
846,85
790,55
763,14
748,15
716,92
695,45
675,09
6%4,15

1/R

314
298
279
258
2358
238
230
223
217
211
203
198
191
184
176
?
168
161
156
151
146

v3
LS

653
654
852
659
649
653
651
850
648
646
644
644
639
638
636
834
633
629
826
623
620

Shealt
/SEC DEG

0 0
L0210 284
L0064 188
L0038 233
+00% 16
,009 16
L002 296
,007  2%8
,006 299
,003 254
,002 2%
,002 287
003 3y
,002 290
002 192
008 19
L0006 22y
L006 223
L0084 276
L0048 239
008 238

e e e



Y

— ‘({ o

RAWINSONOE RUN AN/GMD«])
CAPE XENNEDY afS, FLORIDA
10002 11 FEB 1974

ALTITUDE  DIR SPEED  Temp

(34

ASCENY NBR  oo0b

FEEY ~ DES
_ e 22
1008 291
2000 298
3000 300
4000 302
5000 doo
_ 6000 296
Tooo ™ 298
_ 8000 296
So000 291
10000 28s
11000 282
12000 282
134800 28¢
14000 2717
15000 274
16000 an
17000 270
18000 269

TO19900 0 288
20000 268
atlTITuoE 0IR
FEET DEQ
574 272

198y 298
3a13 Joy
Kk} 3ol
688) 296
8286 29¢
10058 288
T 11970 282
14014 2n
16213 2N
18578 268
21132 267
ALTITUOE DIR
FEEY DEG
16 220
T OSAW T 288
4169 303
S006 00
11097 282
14515 278
19392 212
181817 268
21024 267
21008 . 266
23760 99¢

cES ¢

i.8

N

6,8
44
z.’
Se2
3.7
2.2
a3
*1e)
=3.2
'502
'Qol
=7.7
-8.6
“1040
«12.0
-14,1
=-16,0
-18,6
'21!?

MANDATORY LEVELS

TEMP
DEG C

9.2
6eb
Job
50
2.9
03
3,3
=6el
-.-7
=12.5
=17.6
24,1

DEW PTY
DEG ¢

o0
J.1
3.2
1.6

9

-9.9
'!0-.
=106
~10.2
*11le6
“13.6
-16.2
-18.9
'2‘-.
=22.0
.2303
-25.0
-26,8
«27,9
‘29-i
=31.8

DEw PY
DEG ¢

k)
3.2
1e2
‘9.‘
“11.0
=104
’l:o'
'1509
'2200
-25.6
28,6
=303

PRESS
LT}

1021,00
984,50
48,8}
914,18
880,57
840,18
817,07
786,94
757,78
729,47
702.08
675,93
649,84
625,01
601,02
577,88
555,44
532,74
512,72
492,38
472,81

PRESS
MBS

1000
980
900
8s¢0
800
150
100
650
600
%0
500
450

SIONIFICANT LEVELS

TENP
DEG C

1.8

9.2

2.0
5.3
5,4
~9.2
=10+6
“16.4
-!9.}
“24.)
-23.2

oEv PY
0EG ¢

0
3.
o8
9.9
«16,9
=229
'23.’
-ZG-I
=31.0
‘Z.-’
‘?9-.

PRESS
L1}

1021,00
lo01,00
875,00
848,00
673,00
586,00
569,00
509,00
453,00
435,00
404,00

AM
PeY

i

Je

279
2%0
204
178
173

157

104
140
131

AB WUM
G/M)

4,82
5.86
s.’.
$.38
S.13
2.2¢6
2-11
218
2-%3
.

R
l'J’
1.1}

5

80
o7

37
o931
M T
36

DENSITY
G/M)

1290,81
1214,%8
1178,40
11644,37
1110,67
1060,10
1026.80
994 .47
964,11}
933,64
90‘0”
877,61}
847,18
819,65
791.0)
764,43
740,48
T17,44
694,37
673,82
653.47

ORIGINAL PAGE IS
OF POOR QUALITY,

ne
Jo7
300
289
200

250

262
238
229
221
213
208
196
189
182

169
166
150

153 -

148

v§
XT$

oed
654
65]
649
o
650
(1)
646
664
642
40
630
637
635
634
632
630
627
62%
622
810

—— . o o ey

SHEAR

/SEC

[}
034
2009
007
«002
+003
' .04
«000
0004
+ 006
«006
«004
«002
003
« 006
<007
.007
007
+008
008
« 800

21

OEG

°
294
P2 )
e

197
171
118
295
2s)
229
236
248
2%
240
241
248
2%)

250
%3




\\L.t"‘h
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TEST ~uk 0577> peylé

nAw|NSONJE RUK AN/GMDeg

LAPE KENNEDY wFS, FLO? LA

13104 11 FER 4974
\SCe v T AgR uney
ALTlIWLE  CIn  SPEED
FeET TEL  KTS
10 280 3
T 333 19
Qo 3 2%
00 3p0 2%
4000 3p9 H
LI 310 20
evoo 304 21
7000 33 27
vy Jp2 4
vv%g Zgb gb
isvo0p 291 35
13000 29 39
12000 297 42
13000 298 43
14400 209 "
3600 92 [%4
Leu00 28y 4®
17000 264 50
1%y 278 %0
1vu33 277 54
e300 278 55
aLTIiuuE DK SPEED
FLe? ogs 1§
LI 313 17
2u02 313 25
Je4b 3% 23
“ved 310 20
£379 304 24
4289 303 35
10u9e 292 35
{faupz 2 a2
108 294 1]
i3y 207 @9
{uors 277 52
ALTITUDE Cin  SPEEY
bee T 437 (3]
16 280 3
i1l Y 14
721 h I L] 26
3470 Jp4 25
4110 10 19
7,62 3q4 28
7¢04 399 33
deb9 303 35
“o57 29y 36
12308 208 43
13903 2% 4
16443 294 45
iveie 28Y 48
18228 8¢ 49
7468 281 49
17489 279 a9

22

TEMD
PEG C

" A sl (2 A AR NP
e o 0 » s e * s =

&i3td WP NPT

e, b

mAND A TORY LEVELS

TFM0
DEG €

fed PT
vEG C

5,5

[
1.8
'1.0
“10+4

”Fu PY
vEG €

1.8
1.8
=343
etys7
*13+8
9949
~19.:6
®*23.7
*2644
302
*32.9

PRESS
tes

1022,40
v, ud
YEp,1?
915,98
ve1,03
549,14
817,9
787,78
728,67
730,43
703,08
676,92
020,77
8:5,93
0t1e/8
578,48
255,70
334,00
212,78
452,23
472,34

rAESd
*gs

0L
(2-1
o0V
8%y
800
5
704
690
a0y
55y
500

SIGNTF 1L ANT LEVELS

TEup
nEG C

e~ PT

“ug6 €

$,5
1.%
o7
LITL
“11+9
=154
«13,6
99,9
°14.¥
c24.49
22644
“20:4
=290
=300
“32.95
«33.7

PRESD
LLE)

102¢,49
301e,00
925,00
913,00
870,00
785.00
762,00
7%1,00
740000
641,00
604,00
596,00
S0u.00
55%¢400
524,00
519,00

i/n

323
313
294
20)
2%t
233
it
234
240
192
183
178
17¢
108
10
199

58
52

W3

"EVSITY
G/43

12%8,2¢
1270 ,54
11%4,22
11%1,20
1140.73
1048,94
1029,4
992:03
941,87
933,33
914,03
#7721
891,60
823,08
794,15
760,34
The, 43
723,24
772,09
678,64
%7,29

1/R

323
303
268
285
261
250

24
233
222
F1%4
208
201
195
188
18
1
169
164
199
133
149

vs
1S

654
653
650
648
647
648
648
647
(L]
643
a4t
438
635
634
633
634
627
625
621
619
616

SWt AR
/SEC (TR
[/ U
,029 N2
(009 3as
009 o
+ 009
¢
,005 "
,009 N
13 4
Wy da
,006 194
,006  29e
009 362
L002 34
1005 238
006 29
.00 22
L007 209
.008 192
‘007 284
,002  29¢
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APPENDIX D

WINDSONDE DATA

23
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24

WINDSONDE

FAPE KEMUEDY AFS , FLA,
H93Z - 11 FEB 1974

ASCENT NER. 0930 .
AT FT. WDIR WKTS SHEAR
900916 220 hS2 0p%8  CO9
031907 263 318 023 268

M2008 296 024 022 345

003900 300 N31 A1 311
mMANNG 395 029 0J6 N73
35603 333 426 P06 193
n08080 290 024 013 195
007000 257 026 - .,005 - 350
poS0Na 293 031 009 302
009000 292 30 L.036 181
g1800n 2.5 N34 003 269
0119820 272 22 033, 162
12000 231 930 024 112
013000 277 230 D04 198
DIA030 276 035 089 273
015330 270 240 011 236
NIGIUI 269 . 042 ',003 244

"MITNO8 263 037 .GB02 095

015090 263 042 ,B807 262
Al9020"% 263 245 ,009 216
m@a00n 251 052 L3111 248

ORIGINAL PAGE IS
PR POOR QUALITY

- - e

eI

stosn. il
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APPENDIX E

SATELLITE IMAGERY

e

25



26

P

SATELLITE IMAGERY (IR)

NMOAA 2 ORBIT

NOAA 2 ORBIT

6052

6065

ORIGINAL PAGE IS
OF POOR QUALITY

10 FEBRUARY

11 FEBRUARY

1974,

1974,

Fazegcer, 2
B §

2058 EDT

2205 EDT
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APPENDIX F
CALCULATION OF THERMODYNAMIC VARIABLES
FROM RAWINSONDE DATA
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¢

The equations used for calculation of thermodynamic
variables from measurements of altitude, temperaturce and
relative humidity obtained from the GMD-4, AMQ-9 rawinsonde
system are summarized herein; these equations, originally
developed for the GMD-2 system (Ref. 1), must be used in
conjunction with the list of symbols ard units provided at
the end of this appendix.

Atmospheric Pensity, p

- p
p = 348.38 T,

Pressure, P

p = p'lo-(h—h')/(221.266 Tvm)

Geopotential lieip .t, h

. EQ rCH
9.8 re+11

Virtual Temperature, Tv

1
Tv = T(1 + .376932 e/P )

Mean Virtual Temperature, Tvm

Vapor Pressurec, e

L + .
o = 6.11 fl) 107 5t/(t + 237, 3)
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Dew Point Temperature.'td

t. = 237.3 log e - 186.527
d 8.236 - log ¢

Potential Temperature, O

o -1 (1000 .288
P

Virtual Potential Temperature Ov

o -1 1000 .288
v v p

Absolute Humidity, Py

Py = 216.7 e/p

Microwave Refractive Index, n

- +[% (77.61’-—110 + 3748080)] 1076

T

For data tabulation, use:
N = (n-1)10°

Speed of Sound, \1,g

r \0.5
V, = 643.855 (E?ETIE)
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LIST OF SYMBOLS AND UNITS

vapor pressure

relative humidity expressed
as a decimal

acceleration of gravity at
geographical location of the
rawinsonde station

geopolential height at the top
of the layer bounded by h and h'

geopotential height at the
bottom of the layer bounded
by h and h'

geometric altitude at the top
of the layer bounded by H and H'

Geometric altitude av the
bottom of the layer bounded
by H and H'

microwave refractive index

unit of refractive index used for
simplification of data tabulation

pressure at geopotential height h
pressure at geopotential height h'
radius of the earth

temperature

temperature

dew point temperature

virtual temperaturc at
geopotential height h

millibars (mb)

2
meters/seconds

(m/sccz)

fecet (ft)

(ft)

(ft)

(ft)

(mb)
(mb)
(ft)
degrees Celsius (°C)
degrees Kelvin (OK)
(°C)

O

("K)
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\.\l“.

Tv' virtual temperature at geopotential
height h'
Tvm the mean virtual temperature of

layer bounded by h and h'
A speed of sound

o} atmospheric density

pw absolute humidity
0 potential temperature
Ov virtual potential Lemperature

REFERENCE

0

("K)

(°K)

knots

grams/meter3
3
(gm/m™)

(gm/m>)
(°K)
(°K)

Daniel, O. H.: Digital Computer Reduction of AN GMD-2 Rawinsonde Data.
Pan American World Airways, Guided Missile Range Division, Patrick

Air Force Base, Florida, 10 May 1962,
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